Recently, we and others have obtained data on the structure of the insulin receptor using a variety of techniques. In this review, we briefly report our own data on the structural features of the insulin receptor. Information on this structure should enable us to better approach and define the molecular basis of insulin action.
together by disulfide bonds. Biosynthetic studies showing the incorporation of all four labeled monosaccharides (fucose, mannose, galactose and glucosamine) into the two major subunits of the insulin receptor suggested that both subunits were likely to contain carbohydrate chains of the complex, N-linked type. External labeling techniques demonstated that a portion of the protein and carbohydrate moiety of both subunits was exposed at the external cell surface. Further, labeling of the external oriented carbohydrates revealed remarkable differences in the nonreducing termini of the carbohydrate chains of both major subunits. Indeeii, in the Mr 134,000 subunit, there appeared to be more exposed galactosyl or N-acetylgalactosaminyl (or both) residues, whereas the Mr 95,000 subunit seemed to have a higher degree of sialylation.
It is now widely accepted that the first step in insulin action is binding to specific receptors in target cell surface membranes (Kahn, 1976 ; Roth, 1979 Recently, we and others have obtained data on the structure of the insulin receptor using a variety of techniques. In this review, we briefly report our own data on the structural features of the insulin receptor. Information on this structure should enable us to better approach and define the molecular basis of insulin action.
( 1 ) To whom all correspondance should be addressed.
1. Covalent binding of 125 1-insulin.
To bind !251-insulin covalently to its receptor we used the technique originally described by Pilch and Czech (1979) and adapted by us to human cultured lymphocytes of the IM-9 line Kahn, 19811 . Preincubation of solubilized 35 S-methionine-labeled glycoproteins with an excess of unlabeled insulin (1.7 x 10-6 M) for 6 hrs prior to incubation with anti-receptor serum markedly decreased the appearance of both the 130 and the 90-kdal bands ( fig. 2, lanes B and C) .
Cells grown for 14 hrs in media containing D-( 3 H)glucosamine, L-( 3 H)fucose, D-( 3 H)galactose or D-( 3 H)mannose incorporated 7-9, 2, 6 or 1 % of the total radioactivity, respectively, into trichloracetic acid-precipitable material. The cells were solubilized and the extracts subjected to lectin chromatography and immunoprecipitation. Analysis of the insulin receptor biosynthetically labeled by SDS-PAGE of the antireceptor serum precipitate showed the presence of two major labeled subunits of apparent molecular weight 134,000 ± 2,000 (SD, weight 206,000 ± 2,500 (SD, n = 3) ( fig. 3, lane a) . Briefly, the first step is to expose intact IM-9 lymphocytes to either galactose oxidase or periodate, resulting in the formation of sugar aldehydes in galactosyl and Nacetylgalactosaminyl residues with the first method and in sialic acid residues with the second method. The second step is to reduce the sugar aldehydes with tritiated sodium borohydride. Thereafter, the cells are solubilized in Triton X-100 and immunoprecipitated with antireceptor serum and control serum. Finally, the immunoprecipitates are subjected to SDS-PAGE followed by autoradiography. Using the galactose oxidase method, incubation with galactose oxidase alone followed by borohydride reduction labeled only the 134,000 molecular weight subunit of the insulin receptor. Since sialic acid residues are often linked to penultimate galactosyl groups, increased labeling efficiency has been achieved for different cell surface glycoproteins by treating the cells with neuraminidase to remove sialic acids prior to labeling with galactose oxidase. Similar observations were found with the insulin receptor. Indeed, treatment with neuraminidase and galactose oxidase enhanced the labeling of the 134,000 molecular weight subunit and also revealed the 98,000 molecular weight subunit as well as the 206,000 molecular weight component.
To reveal terminal sialic acid residues, IM-9 lymphocytes were labeled by using the periodate/NaB 3 H 4 method, and the cells were then processed as after the galactose oxidase procedure. After periodate treatment, -NaB 3 H 4 preferen- Jacobs et al., 1980 ; Massague and Czech, 1980 (Kornfeld and Kornfeld, 1980) . This suggestion is in good agreement with findings on differential lectin binding 
